INTRODUCTION
Cladosporium is one of the largest and most heterogeneous genera of hyphomycetes which comprise 189 species (Bensch et al., 2015; Crous et al., 2014) . Cladosporium species are also known to be general as *Corresponding author. E-mail: malghuthaymi@su.edu.sa.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License endophytic fungi (Riesen and Sieber, 1985; El-Morsy, 2000) as well as phylloplane fungi (Islam and Hasin, 2000; Levetin and Dorseys, 2006) . The genus including certain species are important as potential biocontrol agents for plant diseases (Köhl et al., 2015) or, in the food industry, as fruit contaminants causing spoilage in low temperature storage or on cereals such as barley, oat, rye and wheat (Kulik et al., 2014; Frasz and Miller, 2015) . Concomitant with other plant pathogenic fungi (Agrios, 2005; Bensch et al., 2012) . In this genus, C. cladosporioides is a very common, cosmopolitan, saprobic species and has been applied to several taxa that have been demonstrated as distinct in recent decades (Bensch et al., 2012) . The phylloplane, or leaf surface, represents an important terrestrial habitat that harbours a wide range of microorganisms (Lindow and Brandl, 2003) . Filamentous fungi from the phylloplane may be either parasites, saprophytes, endophytes or epiphytes. Alternaria alternata, A. citrifolia, Aspergillus niger, A. flavus, A. candidus, A. nidulans (Beenish and Paul, 2016) . Accurate identification of plant pathogenic fungi by morphological methods may take quite a few days and expert researchers therefore need rapid detection tools that can provide results within a few hours. To achieve these detection methods, plant pathologists are working with nanotechnologists to develop quick and better detection systems (Sharon et al., 2010) . DNA has also become a preferred material for nanotechnologists because of its unique properties of structural stability, programmability of sequences, and predictable selfassembly (Zahid et al., 2013) . Magnetic nanoparticles (MNPs) consisting of magnetite (Fe3O4) are promising as nanodiagnostic tools in plant pathology (Alghuthaymi et al., 2016; Khiyami et al., 2014) . In previous study, an attempt was made to develop a method of DNA extraction protocol from R. solanacearum and infested potato tubers based on the use of synthesized magnetite nanoparticles, using few microliters of bacterial ooze and cell lysate as the starting material in the presence of polyethylene glycol (PEG)/NaCl and RNAse A (Alghuthaymi et al., 2016) . The magnetic nanoparticle offers a valuable technique for the detection of R. solanacearum in potato tubers and pure culture which gives good yields of amplifiable DNA. MNPs can diffuse quickly in a reaction mixture and can then be easily collected by an external magnetic field (Deng et al., 2013) . A comprehensive review of the literature regarding magnetic nanoparticle binding of DNA was explained by Pershina et al. (2014) . In the current research, the MNPs were applied to adsorb DNA template after Cladosporium mycelium was lysed. The DNA binding MNPs were directly subjected to polymerase chain reaction (PCR) to amplify ITS and Actin specific sequence of Cladosporium strains, which can improve both the utilization rate of the DNA template and detection sensitivity. Analysis of data confirmed two novels Cladosporium cladosporioides was identified in comparison with references isolates.
MATERIALS AND METHODS

Synthesis and characterize of magnetic nanoparticles
MNPs were produced by chemical co-precipitation of Fe 2 + and Fe 3 + ions in an alkaline solution, followed by treatment under hydrothermal conditions. The Fe3O4 nanoparticles were dried in a vacuum oven at 60°C for 24 h (Bandyopadhyay et al., 2011) . The particles were characterized for size using transmission electron microscopy (TEM). Also, the average nanoparticle size and size distribution were verified by dynamic light scattering (Zetasizer, Malvern Instruments Ltd, Malvern, UK).
Isolation of fungal DNA using magnetic nanoparticles
Single-conidial isolates were obtained from tomato phyloplane and cultured as detailed in Crous (1998) . Fungal isolates were grown on PDA for 3 to 4 weeks at 16°C in the dark and total genomic DNA was isolated from 50 to 100 mg of axenic mycelium scraped from the edges of the growing, mycelium was ground to a fine powder with liquid nitrogen culture using magnetic nanoparticles. One milliliter (1 mL) binding buffer (1.25 mol L -1 NaCl, 10% PEG-6000), also 4 µL RNAse A (10 mg mL -1 ), were added and microtube was incubated for 10 min at 65°C. Thirty microliters (30 μL) of MNPs dissolved in 1% (w/v) sodium dodecyl sulfate solution was added. The nanoparticles should be freshly prepared, water dispersed and sonicated at 60 MHz for at least 20 min before use. Sodium acetate (140 µL) was added; the tube was mixed by gentle inversion three times and incubated at deep freezer for 5 min. Themagnetic pellets were immobilized using externalmagnetic (from outside the microtube to collect magnetic nanoparticles), and the supernatant discarded.
The magnetic nanoparticles were washed twice with 750 µL cold 70% (v/v) ethanol and dried at room temperature for 10 min. Finally, the magnetic particles were resuspended in 50 µL of TE buffer (50 mM Tris-HCl and 1 mM EDTA, pH 8.0) and the bound DNA was eluted at 65°C for 5 min with moderate agitation (Alghuthaymi et al., 2016) . To compare the efficiency of DNA isolation method for MNPs, DNA was isolated from Cladosporium mycelium according to the protocol published by Moslem et al. (2010) . The quality and concentration of DNA were assessed by agarose electrophoresis. The DNA solution was transferred into a new microcentrifuge tube and kept at -20°C until use. The Gel Doc 1000 system (Gel Documentation and Analysis Systems, Uvitec, Cambridge, UK) was used for image capturing under UVillumination and the graphic files were exported as 8-bit TIFF images.
PCR amplification and DNA sequencing
PCR amplification was performed using universal fungal ITS rRNA genespecific oligonucleotide primers ITS1 (5′-TCCG TAGGTGAACCTGCGG-3′) and ITS4 (5′ TCCTCCGCTTATTGATATGC-3′) (White et al., 1990) , the actin gene (ACT) using the primers ACT-512F and ACT-783R (Carbone and Kohn, 1999) . Each reaction contained 2 μL of template DNA (10 ng/μL), 0.2 μM from each primer, 1.5 mM MgCl2, 0.5 mM dNTPs and 0.5 μL of Taq DNA polymerase (Jena Bioscience, Germany) in 5 μL of the manufacturer's reaction buffer with a total of 50 µL reaction volume. The PCR reactions were run for 35 cycles (each cycle is 94°C for 45 s, 55°C for 45 s, and 72°C for 60 s) in a thermocycler (Techne TC-312, Techne, Stone, UK), with an initial hot start (94°C for 15 min) and a final extension (72°C for 10 min). PCR amplification was confirmed on 1.5% agarose electrophoresis gels stained with ethidium bromide. The PCR products were purified using a QIAquick PCR Purification Kit (Qiagen, Germany) according to the manufacurer's instruction. The purified PCR products were directly sequence in both directions using the respective forward and reverse primers. The amplified PCR fragments were sent to a commercial sequencing provider (Shanghai Sangon Biological Engineering Technology and Services Co., Shanghai, P.R. China).
Phylogenetic analysis
Sequencing and sequence alignment
The combined TEF, Actin and ITS sequence data set using 50 Cladosporium strains with Cladosporium xylophilum as the outgroup taxon. The other sequences used in the analyses (Table  1) were obtained from GenBank based on blast searches and recently published data (Bensch et al., 2010) . The multiple alignments were automatically done by MAFFT v. 7.036 (http://mafft.cbrc.jp/alignment/server/index.html; Katoh and Standley, 2013) using the default settings and latter refined where necessary, using BioEdit v. 7.0.5.2 (Hall, 2004) .
Phylogenetic analyses
Maximum-likelihood (ML) analysis was performed in RAxML (Stamatakis, 2006) Figure 1A shows the TEM image of Fe 3 O 4 nanoparticles are monodispersible and spherical. The average diameter of magnetic nanoparticles is 82 nm. Dynamic light scattering analysis of the same samples revealed that the synthesized MNPs were highly monodispersed and had a hydrodynamic diameter ranging from 100 to 201 nm (Figure 2 ). The size distribution was recorded automatically by the software of these repeated measurements. When the external magnetic field was applied to the edge of the microtube for a few seconds, the magnetic nanoparticles were magnetized and were aggregated together. When gentle stirring without external magnetic field was applied, the aggregations were quickly redispersed again. The particles thus obtained exhibited a strong magnetic response.
RESULTS
Properties of magnetic nanoparticles
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DNA quality
The DNA yield was estimated by assessment of intensity of DNA bands in ethidium bromide stained agarose gel. The molecular weight of the isolated DNA was 3200 bp. It shows that our protocol yields high-quality DNA, which is transparent, non-viscous and no RNA was present. No smearing of DNA occurred on the gel, and the 100-bp DNA marker fragment was clearly visible, indicating that DNA degradation had not occurred (Figure 3 ). The quality and yields of the isolated DNA from all the samples using magnetic nanoparticles were higher to the DNA isolation method via sodium dodecyl sulfate (SDS). The quality of extracted fungal DNA was assessed by PCR amplification and sequencing of ITS and Actin genes.
Phylogenetic analysis
The combined gene data set of ITS, Actin and Tef consists of 47 strains of 34 taxa with the out group taxon. The phylogenetic trees (Figure 4) show that the C. cladosporiodes complex in this study segregates into 6 distinct clades. The phylogenetic tree also suggested that this KSA and Egypt strains might be close to C. asperulatum and C. myrtacearum as they formed a subclade, although without support. The two strains of Cladosporium species formed a sister clade with C. asperulatum.
DISCUSSION
Molecular data play a pivotal role in modern mycological taxonomy, but have some constraints in application. In recent years, the survey of unexplored habitats and sources by using molecular techniques has expanded our knowledge of fungal diversity (Sandoval-Denis et al., 2016) . Although methods involving their magnetic separation have been extensively studied, there is currently a need for an efficient technique to isolate DNA for highly sensitive diagnostic applications. MNP protocol involves less steps, microcentrifuge tubes and time therefore is more cost-effective when compared with traditional techniques (Maeda et al., 2016 ). In the current research, the produced Fe 3 O 4 nanoparticles are monodispersible and spherical with an average diameter of 82 nm. Dynamic light scattering analysis of the same samples revealed that the synthesized MNPs were highly monodispersed and had a hydrodynamic diameter ranging from 100 to 201. MNPs with diameters of 100 to 500 nm were prepared and carboxyl group, hydroxyl group and amino group modifications were achieved by appropriate chemical reactions (Zhao et al., 2012) . The fungal DNA extracted by the traditional SDS extraction process displayed similar electrophoretic pattern of DNA fragments, but with lower yields, which is in agreement with a previous study (Basu et al., 2013 ; Zhou et al., Table 1 . Reference sources of Cladosporium species isolates used in this study (46 isolates, 34 taxa). 2013). The higher yield with the current method is probably attributed to the nanosize of the magnetic particles and optimum conditions for DNA binding (Saiyed et al., 2006) . DNA recovery from a sample containing a single bacterial genome was performed by means of imidazolemodified magnetic nanoparticles (Imi-MNPs) and subsequent successful PCR detection were demonstrated on Bacillus subtilis as a model bacterium (Maeda et al., 2016) . The current method is quick and results in pure DNA ready for sequencing. The DNA binding MNPs were directly subjected to polymerase chain reaction (PCR) to amplify the internal transcribed spacer (ITS) region, as well as fragments of the actin (Act) genes of three Cladosporium strains. A multilocus DNA sequence typing approach, employing three loci (the internal transcribed spacers of the rDNA genes (ITS), and partial actin and translation elongation factor 1-α gene sequences), as well as was used for the identification and delimitation of two new Cladosporium species. Several authors have demonstrated the usefulness of EF-1α and Act loci to allow a good species delimitation in Cladosporium (Bensch et al., 2012; Schubert et al., 2007) . Cladosporium asperulatum is phylogenetically close to C. myrtacearum forming a distinct sister clade (Bensch et al., 2012; Bensch et al., 2010) . Morphologically this species is comparable with C. subtilissimum, but differs in having 0 to 12-septate, somewhat longer conidiophores and narrower conidia. An isolate from North America (CBS 113744) is morphologically and phylogenetically slightly distinct from the other two isolates and only tentatively assigned to the present species (Bensch et al., 2012; Bensch et al., 2010) . The current placement of two Cladosporium species with C. asperulatum at the family level, however, cannot be confirmed without morphological chracteriztion. Cladosporium pini-ponderosae is genetically close to C. chubutense, which has also been described from dead and living needles of Pinus ponderosa collected in pine plantations in Argentina (Patagonia). ITS data of the two species are almost identical, but ACT and TEF sequence are distinct. Our phylogenetic studies agree with previous revisions of the genus Agarose gel electrophoresis of genomic DNA isolated using magnetic nanoparticles (MNPs). Lanes 1-5: DNA isolated from Cladosporium isolates using MNPs; lanes 6-10: DNA isolated from Cladosporium isolates using SDS methods according to Moslem et al. (2010) . Lane M = 100 bp DNA Ladder (Jena Bioscience, Germany) was loaded in the first and middle lanes. (Bensch et al., 2012; Sandoval-Denis et al., 2016; Schubert et al., 2007; Schubert et al., 2009; Zalar et al., 2007) . The most phylogenetic informative markers were actA and tef1, while ITS sequences were usually identical for species of the same complex as previously reported by Bensch et al. (2010) . Future prospects in plant disease diagnostic will continue in miniaturization of biochip technology to the nanoscale range. DNA nanodevices could enable accurate tracking, detection and diagnosis of plant pathogens in the early stages of plant (Khiyami et al., 2014) .
Conclusion
The quality and yields of the isolated DNA from all the samples using magnetic nanoparticles were higher to the DNA isolation method via SDS. Three Cladosporium strains were isolated from tomato in Saudi and Egypt was identified very similar to C. asperulatum and C. myrtacearum based on their molecular phylogenetic characteristics. It requires further examinations and morphological data are urgently needed to establish the identity and clarify the taxonomic status of two identified species. Also, more experiments on nucleic acid isolation of other fungal plant pathogens using the magnetic nanoparticles are in progress.
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